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Abstract The success of Cucurbit transgenic technology depends on regeneration protocol and 

recovery of transformed plants. Therefore, an efficient regeneration protocol was established 

for in vitro shoot regeneration from cotyledon explants to optimize the regeneration of 

multiple adventitious shoots formation in winter squash and pumpkin lines. Proximal parts 

of cotyledon explants were excised from in vitro seedlings and were cultured on solid MS 

medium supplemented with various concentrations and combinations of BAP and TDZ. 

The number of shoot per regenerated explants was ranged from 2.1 (in line 14BO01) to 7.8 

(in line 57Sİ21) in MS medium by addition of 0.5 mg/l BAP and 1 mg/l BAP + 1 mg/l TDZ, 

sequentially. The cultures were incubated at 25 ± 1°C and 16-h photoperiod for 4 to 5 weeks. 

Donors were effective on shoot formation, and 57Sİ21 in winter squashes and G9 in 

pumpkins were superior lines. Regenerated shoots were rooted and elongated on MS medium 

combined with 0.01 mg/l IAA. Elongated and rooted plants were acclimatized with 84% 

survival rate. Overall, 122 plants (91 of winter squash and 31 of pumpkin) were obtained 

during the regeneration process. The ploidy analyses revealed that 118 plants were diploid 

and 4 plants were tetraploid. 
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Introduction 

In Turkey, winter squash and pumpkin are widely 

cultivated for their seeds and mature fruits. C. maxima x  

C. moschata hybrids are also used as a rootstock for 

watermelon and cucumber. However, some viral pathogens 

(particularly ZYMW) restrict the cultivation and cause  

a substantial reduction in yield and quality. Actually,  

all commercial winter squash and pumpkins are local 

populations (exception Arican 97) and virus-resistant 

hybrid cultivars have not yet been developed in Turkey.  

Although winter squash and pumpkin have significant 

economic importance, very little work has been carried  

out on breeding efforts for these species. On the other 

hand, development of new multi-resistant winter squash 

and pumpkin lines by classic breeding methods is still 

limited due to the narrow genetic base, time-consuming 

procedures, and cross-incompatibility. 

Plant biotechnology appears to be an alternative 

method to overcome these handicaps and this technique has 

unique advantages for developing new winter squash and 

pumpkin cultivars with desirable agronomic and economic 

traits such as resistance to biotic and abiotic stress condi-

tions, high yield and fruit quality. Genetic engineering 

could be easily applied in winter squash and pumpkin, 

because of the small-sized genome, high polymorphism 

and short generation time (ZHANG et al [1]). However, 

the success of genetic transformation highly depends  

on the determination of rapid and efficient in vitro plant 

regeneration protocols. Thus, optimization of clonal 

propagation method is a key point for the success of 

regeneration of transgenic plants. 

There are only two in vitro regeneration protocols 

have been reported for C. maxima) (LEE et al [2]) and  

C. moschata (ZHANG et al [3]). Otherwise, efficient plant 

regeneration protocols have been developed and generated 

in Cucumis sativus (VASEDUVAN et al [4]; GROZEVA 

and VELKOV [5]), Citrullus lanatus (WANG et al [6]; 

ZHANG et al [7]), Cucumis melo (CURUK et al [8]; 

RHIMI et al [9]; TEKDAL and CETINER [10]) and 

Cucurbita pepo (LEE et al [2]; ANANTHAKRISHNAN  

et al [11]; STIPP et al [12]; MOOKHAN [13]). 

It has been well known that genotype, explants type, 

and composition of the medium are important factors on 

organogenesis. Furthermore, the physiological conditions 

and hormonal contents of explants are crucial points for 

regeneration potential (ZHANG et al [3]; MENDI et al 

[14]; PETROVA et al [15]). Proximal cotyledon part with 

hypocotyl segment collected from in vitro germinated 

seedling was found as the best explant type for the 

regeneration in winter squash (LEE et al [2]) and pumpkin 

(ZHANG et al [3]). Although clonal plants were success-

fully propagated in aforementioned research, only 2 winter 

squashes and 1 pumpkin genotype were used for in vitro 

regeneration. However, winter squashes and pumpkins 

have a wide range of genetic variation, and a regeneration 

survey should be established in a broad sense for repre-

senting of differences of these genotypes during in vitro 

regeneration process. 

The purpose of the present study was to determine  

a reproducible in vitro regeneration pathway to dominate 

the genetic engineering for the production of local F1 

winter squash and pumpkin cultivars with desirable 

multiple traits. Hence, this present study was conducted to 

determine the effects of different concentrations of BAP 

and TDZ alone or in combinations on in vitro propagation. 

In this study, a reproducible regeneration protocol was 

established for 4 winter squash and 2 pumpkin lines from 

cotyledon explants. To the author’s knowledge, this is the 

first report of treatment with combinations of BAP and 

TDZ for in vitro shoot regeneration in these species.   

 

Materials and Methods 

1. Seed Material, Explant Preparation and Culture 

Conditions 

The experiment was carried out using mature and one-

year-old seeds of four winter squashes (57Sİ21, 55BA03, 

55ÇA06 and 55ÇA15) and two pumpkins (14BO01 and 

G9) lines. The seeds were rinsed for 15 min and the seed 

coats peeled gently. Seeds were then immersed in 70%  

(v / v) ethanol for 2 min, followed by a 10 min in a 10%  

(v / v) commercial bleach solution containing two drops 

Tween-20 per 100 ml solution with shaking. Subsequently, 

seeds were rinsed five times with sterile distilled water for 

5 min each time and were placed on sterilized filter paper 

to desiccate excessive surface water. Afterward, the seeds 

were placed vertically on solid MS medium supplemented 

with 30 g/l sucrose, 0.01 mg/l IAA and 8 g/l agar (Fig. 1A). 

The seeds were germinated in a growth chamber at  

26 ± 1°C, illuminated with white fluorescent 32 W lamps 

(3000 lux) under 16/8 h photoperiod for 4-5 days. 

Unexpanded or slightly expanded cotyledons coming 

from 4 or 5 days-old-seedlings were used for explants 

source (Figure 1B). Proximal cotyledon parts with hypo-

cotyl segments were excised from seedlings as follows. 

Firstly, the hypocotyl was discarded near the cotyledons, 

and then the cotyledons were cut in half transversely and 

distal parts were removed. Greenish proximal parts with 

hypocotyl segments were cultured with the abaxial face  

in contact with the medium supplemented with different 

concentrations and combinations of BAP and TDZ (Table 1). 

The pH of the media was also adjusted to 5.8 for all culture 

processes. The cultures were maintained at 26  ± 1°C, 

illuminated with white fluorescent 32 W lamps (5000 lux) 

under 16/8 h (day/night) photoperiod for 4 or 5 weeks. Four 

explants for each magenta box and six magenta boxes for 

each replicate were cultured for each medium and line. 
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Figure 1. (A) A peeled seed in germination medium (B) Germinated seeds at explant stage (Bars = 1 cm). 
 
 

Table 1. Media compositions  

 
Medium 

PGRs 

BAP (mg/l) TDZ (mg/l) IAA (mg/l) 

M0 - - - 

M1 0.5 - - 

M2 0.5 0.25 - 

M3 0.5 0.5 - 

M4 0.5 1.0 - 

M5 1.0 - - 

M6 1.0 0.25 - 

M7 1.0 0.5 - 

M8 1.0 1.0 - 

R - - 0.01 

 
 

 

Regeneration and Acclimatization 

After 3 or 4 weeks of culture, the plantlets reached to 

1.5-2.0 cm length on the proximal end of the cotyledon 

were rescued initially. The plantlets without any callus 

were cultured in both magenta boxes and culture tubes 

containing basal MS medium supplemented with 0.01 mg/l 

IAA and 30 g/l sucrose for root and shoot elongation. 

Elongated and rooted healthy plants were individually 

propagated via micro-cuttings in “R” medium for further 

growth. The regenerated plants were acclimatized as 

described by KURTAR and BALKAYA [16].  
 

Ploidy Determination 

The ploidy status of all regenerated plants (diploid 

and tetraploid) was determined via chromosome counting  

in root tips as described by KURTAR et al [17].  
 

Data Collection and Statistical Analysis 

A factorial experiment based on Completely 

Randomised Design with four replications was used in  

this study. The data was subjected to analysis of variance 

(ANOVA) by SPSS and mean values were separated 

based on Duncan’s multiple range test (DMRT). 
 

Results 

1. Effect of Media on Differentiation 

At the first week, cotyledon explants enlarged and 

differentiated, and whitish-firmly primordial formations  

of embryos occurred at the end of the proximal parts  

(Fig. 2A). Nevertheless, some explants enlarged and diffe-

rentiated, the others remained greenish and only enlarged 

till the end of the culture, as observed in control batch. 

Anomalous callus formation was only obtained from these 

explants along with four weeks. As presented in Table 2 

and 3, medium composition and genotype were effective  

on differentiation, significantly.  

However, all media promoted the induction of 

whitish-firmly primordial formations, combinations of BAP 

and TDZ (in particular M8 medium) produced slightly 

higher differentiation percentages. On the other hand, 

individual supplementation of BAP and TDZ represented 

similar results, generally. The response in terms of 

differentiated explants (DE) was ranged from 74.1%  

(line 55ÇA06 by M1 medium) to 89.3% (line 55Sİ21 by 

http://tureng.com/tr/turkce-ingilizce/differentiating
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M8 medium) in winter squash and from 70.4% (line 

14BO01 by M2 medium) to 83.2% (line G9 by M8 

medium) in pumpkin. The average DE was also observed 

from 67.4% (line 55ÇA06) to 75.2% (line 57Sİ21) in 

winter squash, and it was 63.4% (line 14BO01) and 69.4% 

(line G9) in pumpkin. In respect to species, winter squashes 

showed higher differentiation response, and the mean DE 

was determined by 71.8% in winter squash and 66.4%  

in pumpkin. 

 
 

 

 

 

Table 2. The effects of media on differentiated explants (%), explants with the shoot (%)  

and number of shoot (shoot/explant) in winter squash 

Lines Media DE (%) ES (%) NS (shoot/explant) 

 

 

 

57Sİ21 

 

 

 

M0   3.8 (± 1.2) C 0.0 H 0.0 E 

M1 79.2 (± 6.5) AB 37.5 (± 3.3) D 3.4 (± 0.9) D 

M2 80.6 (± 9.8) AB 40.7 (± 3.1) D 3.5 (± 0.4) D 

M3 81.9 (± 5.8) AB 48.8 (± 2.9) C 4.1 (± 0.4) C 

M4 82.3 (± 7.9) AB 44.8 (± 2.6) CD 4.9 (± 0.7) C 

M5 85.4 (± 9.5) A 54.9 (± 5.5) BC 6.8 (± 1.6) AB 

M6 84.8 (± 4.5) A 61.2 (± 4.7) B 6.3 (± 0.9) B 

M7 87.4 (± 3.3) A 74.5 (± 4.2) A 7.4 (± 1.4) A 

M8 89.3 (± 7.4) A 69.7 (± 6.9) A 7.8 (± 1.2) A 

 Average 75.6 A 50.3 A     4.91 A 

 

 

 

55BA03 

 

M0   0.7 (± 0.2) C 0.0 H        0.0 E 

M1 75.8 (± 7.9) B 30.8 (± 3.8) E 2.6 (± 0.4) DE 

M2 76.1 (± 5.4) B 34.2 (± 4.3) DE 2.8 (± 0.3) DE 

M3 74.3 (± 6.1) B 41.4 (± 6.1) D 3.6 (± 0.9) D 

M4 78.5 (± 5.7) B 39.9 (± 4.3) D 3.7 (± 0.7) D 

M5 80.6 (± 5.4) AB 47.1 (± 6.2) C 5.4 (± 1.3) B 

M6 82.4 (± 4.7) AB 51.8 (± 4.7) C 5.5 (± 0.3) B 

M7 80.9 (± 6.3) AB 54.4 (± 5.6) BC 6.1 (± 1.1) B 

M8 81.3 (± 8.9) AB 55.2 (± 4.5) BC 6.4 (± 0.6) AB 

 Average 71.7 A 41.7 B     4.01 B 

 

 

 

55ÇA06 

 

 

 

M0         0.0 C 0.0 H        0.0 E 

M1 74.1 (± 9.1) B 31.4 (± 3.3) DE 3.0 (± 0.7) D 

M2 78.9 (± 7.2) B 33.8 (± 3.7) DE 2.9 (± 0.2) D 

M3 77.2 (± 4.8) B 38.3 (± 4.9) D 3.3 (± 1.1) D 

M4 75.4 (± 6.2) B 36.1 (± 5.4) D 3.6 (± 0.6) D 

M5 82.9 (± 5.7) AB 42.4 (± 3.3) CD 5.9 (± 0.8) B 

M6 80.7 (± 8.9) AB 44.1 (± 4.1) CD 5.7 (± 1.5) B 

M7 85.5 (± 5.7) A 47.9 (± 5.1) C 6.3 (± 1.2) B 

M8 84.3 (± 6.1) A 48.6 (± 4.4) C 6.4 (± 1.4) AB 

 Average 67.4 B 38.1 BC     4.12 B 

 

 

 

55ÇA15 

M0   1.2 (± 0.2) C 0.0 H        0.0 E 

M1 76.3 (± 7.3) B 37.5 (± 4.8) D 3.4 (± 1.0) D 

M2 77.6 (± 6.8) B 41.2 (± 4.2) D 3.6 (± 1.2) D 

M3 77.8 (± 5.7) B 46.4 (± 3.9) C 4.2 (± 1.4) C 

M4 75.7 (± 8.6) B 42.8 (± 5.3) CD 5.0 (± 0.9) C 

M5 81.9 (± 5.9) AB 49.6 (± 4.7) C 6.4 (± 1.4) AB 

M6 83.3 (± 4.6) AB 51.8 (± 6.4) C 6.1 (± 1.2) B 

M7 81.0 (± 8.7) AB 56.5 (± 4.4) B 7.1 (± 0.9) A 

M8 82.4 (± 5.5) AB 58.7 (± 3.8) B 7.3 (± 1.3) A 

 Average 72.4 A 44.9 A     4.79 A 

 Mean           71.8         43.7     4.48  

Each value followed by different letters indicates a significant difference (P < 0.05) to DMRT. Values represent 

the means of one hundred and twenty explants for each treatment and genotype (twenty-four in four replicates) 

(±SE). M0: Control; DE: Differentiated explant; ES: Explant with shoot; NS: Number of shoot 

SD(0.05) for DE = 8.67 ;  SD(0.05) for ES = 10.82 ; SD(0.05) for NS =  1.34 
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Table 3. The effects of media on differentiated explants (%), explants with the shoot (%)  

and number of shoot (shoot/explant) in pumpkin 

Lines Media DE (%) ES (%) NS (shoot/explant) 

 

 

 

14BO01 

 

 

 

M0 0.0 E 0.0 F 0.0 E 

M1 73.1 (± 6.1) BC 29.7 (± 1.3) E 2.1 (± 0.3) DE 

M2 70.4 (± 5.6) C 34.6 (± 4.4) DE 2.7 (± 0.3) DE 

M3 72.3 (± 8.7) BC 40.3 (± 2.9) D 3.4 (± 1.1) CD 

M4 71.6 (± 7.9) BC 39.4 (± 4.7) D 3.3 (± 0.7) CD 

M5 76.2 (± 4.2) B 44.6 (± 3.8) CD 5.1 (± 1.5) BC 

M6 75.7 (± 5.3) B 43.9 (± 2.2) CD 5.5 (± 1.6) BC 

M7 74.2 (± 6.1) B 47.8 (± 3.4) C 5.9 (± 0.5) B 

M8 78.8 (± 5.7) B 52.1 (± 5.5) D 6.2 (± 1.2) B 

 Average 63.4 B 39.1 AB 3.80 AB 

 

 

 

G9 

M0   0.6 (± 0.1) D 0.0 F 0.0 E 

M1 77.4 (± 7.4) B 33.9 (± 4.9) DE 2.9 (± 0.1) DE 

M2 78.2 (± 6.8) B 37.5 (± 3.1) D 3.1 (± 1.5) D 

M3 79.5 (± 9.5) B 44.4 (± 3.3) CD 3.9 (± 1.1) D 

M4 77.1 (± 5.5) B 43.1 (± 4.0) CD 3.7 (± 0.8) CD 

M5 82.0 (± 4.7) AB 46.6 (± 2.9) CD 5.4 (± 0.7) BC 

M6 80.3 (± 8.0) AB 47.8 (± 3.4) C 5.7 (± 0.8) B 

M7 81.7 (± 5.9) AB 51.5 (± 4.5) C 6.8 (± 1.1) AB 

M8 83.2 (± 6.5) AB 58.7 (± 3.9 B 6.7 (± 1.9) AB 

 Average 69.3 A 42.6 A 4.25 A 

 Mean           66.4          40.9              4.03 

Each value followed by different letters indicates a significant difference (P < 0.05) to DMRT. Values represent 

the means of one hundred and twenty explants for each treatment and genotype (twenty-four in four replicates) 

(±SE). M0: Control; DE: Differentiated explant; ES: Explant with shoot; NS: Number of shoots 
SD(0.05) for DE = 8.67 ;  SD(0.05) for ES = 10.82 ; SD(0.05) for NS =  1.34 

 

 
 

2. Effect of Media on Regeneration 
Multiple plantlets were obtained from primordial 

formations within the second week of culture (Fig. 2B). 

Some explants rarely produced radicle with the shoot  

(Fig. 2C). Callus formation was not observed along with 

two weeks. The percentage of explants with the shoot (ES) 

and number of shoot per explant (NS) were served as an 

indicator for the impact of regeneration capacity. It has 

been well documented that frequency of ES and NS  

was also influenced by genotype and medium, statistically. 

All combinations of BAP and TDZ produced the shoot 

regeneration in all lines.  

However, the hormone-free medium did not respond 

on shoot regeneration for all lines. It was noted that 

significant correlation was observed between BAP and 

TDZ. Nevertheless, their combinations created a syner-

gistic effect and introduced significant increase on shoot 

formation in both species and lines; ES and NS generally 

resulted in decrease by individual supplementation of BAP 

and TDZ, statistically. In our findings, among the various 

concentrations of BAP and TDZ, 1 mg/l BAP + 0.5 mg/l 

TDZ (M7 medium) and 1 mg/l BAP + 1 mg/l TDZ  

(M8 medium) were the most efficient combinations in 

promoting both ES and NS obtained from each of the 

explants in winter squash and pumpkin. However, ES 

and NS response were below the average when explants 

were cultured MS medium supplemented with individual 

treatments of BAP and TDZ. 

 

3. Effect of Lines on Regeneration 

The ES values ranged from 30.8% (line 55BA03 by 

M1 medium) to 74.5% (line 55Sİ21 by M7 medium) in 

winter squash and from 29.7% (line 14BO01 by M1 

medium) to 58.7% (line G9 by M8 medium) in pumpkin. 

The average ES was observed from 38.1% (line 55ÇA06) 

to 50.3% (line 57Sİ21) in winter squash, and it was 38.1% 

(line 14BO01) and 44.9% (line G9) in pumpkin. In respect 

to species, winter squash and pumpkin lines showed similar 

differentiation response, and the mean ES was determined 

by 44.9% in winter squashes, and 42.6% in pumpkins. 

Likewise, the strong genotypic differences were deter-

mined, and species and lines represented a wide range of 

NS performance. In relation to regeneration media, NS was 

counted by 2.1 in line 14BO01 with M1 medium, and by 

7.8 in line 57Sİ21 with M8 medium, averagely. The highest 

NS was achieved by 7.8 in line 57Sİ21 (M8 medium) in 

winter squash, and followed by 6.8 in line G9 (M7 medium) 

in pumpkin whereas, in hormone free control MS medium, 

explants did not produce any shoot regeneration. The average 

NS was ranged from 4.01 (line 55BA03) to 4.91 (line 

57Sİ21) in winter squash, and it was 3.80 (line 14BO01) 

and 4.25 (line G9) in pumpkin. Winter squash showed 

higher differentiation response and the mean NS was 

determined with 4.48 in winter squashes, and 4.03 in 

pumpkins. 
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Figure 2. (A) Cotyledon explants with whitish and firmly primordial formations. (B) Shoot proliferation from  

the primordial structure. (C) Radicle and shoot proliferation in a cotyledon explant. (D) Younger plantlets with 

leaflets on explants. (E) Plantlets in rooting medium. (F) Acclimatised plantlets in climate room. (Bars of A, B  

and C = 0.5 cm; Bars of D and E = 1 cm). 
 

 

In respect to individual supplementation of BAP 

and TDZ, TDZ was found to be prominent cytokine for 

induction of ES and NS. As seen in Table 2 and 3, the 

addition of TDZ in culture conditions (M3 and M4 media) 

resulted in higher ES and NS values than BAP (M3 and M4 

media) in winter squash and pumpkin lines. Despite many 

regenerants well developed and rooted in MS medium,  

a few plants did not survive and aborted due to 

hyperhydricity and abnormal shoot growth in culture 

conditions (data not shown). Besides, somaclonal variation 

was not detected under in vitro conditions and the features 

of plants were observed in normal morphology. 
 

4. Elongation, Acclimatization and Ploidy Determination  
After 3 weeks of culture, younger plantlets having two 

or three leaflets with hypocotyl segment were initially 

excised from proximal parts and were cultured in MS 

medium supplemented with 0.01 mg/l IAA for the shoot 

and root elongation (Fig. 2D and 2E), individually. At the 

end of the regeneration process, 122 plants (91 of winter 



ERTAN SAIT KURTAR et al 
 

 1354 

squash and 31 of pumpkin) were elongated and rooted. 

Well-generated complete plants were propagated by micro-

cuttings. Micropropagated plants were acclimatized with 

84% survival rate as described by Kurtar and Balkaya 

(2010) (Fig. 2F). Ploidy analyses revealed that 118 plants 

were diploid and the others were tetraploid. Tetraploid 

plants were observed in line 57Sİ21 (3 plants) and line 

55ÇA15 (1 plant) by M8 medium. Tetraploid plantlets 

have larger, darker and thicker leafs, higher stomata dimen-

sions but lower stomata density than diploid regenerants. 
 

Discussion 

Explants differentiation and shoot regeneration were 

achieved with alone or in combination of BAP and TDZ 

using proximal cotyledon parts with hypocotyl segments of 

winter squash and pumpkin seedlings. However, the best 

results were obtained from combinations of BAP and TDZ, 

and individual supplementation of BAP and TDZ showed  

a decrease in shoot regeneration. The combinations of BAP 

end TDZ led to synergistic effect and promoted the shoot 

induction during the regeneration phase, significantly.  

BAP and TDZ have been widely used to enhance  

the in vitro shoot induction and shoot regeneration in 

Cucurbits. The optimum results in terms of PGRs were 

obtained by MS medium supplementation of BA (STIPP et 

al [12]), TDZ (KURTAR and BALKAYA [16]), BA + TDZ 

(MOOKHAN [13]) in Cucurbita pepo, BA + IAA 

(GROZEVA and VELKOV [5]) in Cucumis sativus, BA 

(CURUK et al [8]; NTUI et al [19]) and Kin + IAA 

(TEKDAL and CETINER [10]) in Cucumis melo and  

BA + IAA (MENDI et al [20]) in Cucumis melo var. 

flexuosus. Furthermore, BA promoted the shoot induction 

in Cucurbita maxima (LEE et al [2]), Cucurbita moschata 

(ZHANG et al [3]) and Citrullus lanatus (WANG et al [6]; 

ZHANG et al [1]). The results of these reports clearly 

indicated that BA is exclusively requirement for promoting 

the shoot regeneration in Cucurbits. Nevertheless, the impor-

tance of TDZ for shoot regeneration was also reported in 

Cucurbita pepo (PAL et al [18]), and TDZ was found to  

be more effective than BA. Accordingly, we combined 

BAP and TDZ to promote direct shoot regeneration of 

Cucurbita maxima and Cucurbita moschata for the first 

time. The findings of our research indicated that the combi-

nations of BAP and TDZ were more effective than their use 

alone for induction of shoot regeneration. Likewise, the 

shoot regeneration was stimulated with the combination  

of BAP and TDZ in Cucurbita pepo (MOOKHAN [13]). 

On the other hand, the explant types and seedling 

age are important factors in the regeneration process.  

In Cucurbita pepo L., cotyledon explants (MOOKHAN 

[13]) and hypocotyl segments (STIPP et al [12]; PAL et al 

[18]) were found to be favorable in shoot regeneration. 

Nevertheless, proximal cotyledon parts with hypocotyl 

segments were determined the prominent explants in 

squash, winter squash and pumpkin due to their high 

organogenic competence (LEE et al [2]; ZHANG et al [3]). 

The cotyledon explants from 4-day-old seedling were more 

effective on shoot induction in winter squash (LEE et al 

[2]), in contrast, 7-day-old seedlings produced favorable 

results in pumpkin (ZHANG et al [3]). In this way, to 

enhance the shoot regeneration, proximal cotyledon parts 

with hypocotyl segments collected from 4 or 5-day-old in 

vitro germinated seedlings of winter squash and pumpkin 

lines were cultured in our study. 

Genotype specificity was observed, and the favorable 

results were obtained from lines 57Sİ21 (4.91 shoot per 

explant) and 55ÇA15 (4.70) in winter squash and line G9 

(4.25) in pumpkin. Data presented in this research con-

firmed the relationship between shoot regeneration and 

genotype that has been previously reported for Cucurbita 

pepo (PAL et al [18]) and in Cucurbita maxima (LEE et  

al [2]). Shoot regeneration was obtained from all winter 

squash and pumpkin lines and average values varied in the 

range of 2.1 – 7.8 shoot per explant. On the other hand,  

the frequency of shoot per explants was determined by 4.4 

in winter squash (LEE et al [2]), 3.3 – 4.0 in pumpkin 

(ZHANG et al [3]), 1.1 – 6.9 (PAL et al [18]) and 3.6 

(STIPP et al [12]) in squash. Interestingly, MOOKHAN 

[13] reported 14.2 and 12.0 shoot per explants in Cucurbita 

pepo, respectively. On the other hand, hyperhydricity and 

abnormal shoot growth were observed in regenerated 

plantlets. All plants were morphologically indistingui-

shable and no variation was observed in regenerants. 

Because we studied direct regeneration protocol, moreover 

the plants were at early stages of growing. In view of our 

findings, it is clearly reflected that direct regeneration 

protocol produced more stable regenerants in winter squash 

and pumpkin as reported in cumin (EBRAHIMIE et al 

[21]), coffea (KUMAR et al [22]) and cotton (PATHI 

and TUTEJA [23]). 

The results of ploidy analyses supported the effec-

tiveness of our protocol due to the higher frequency (97%) 

of diploid regenerants. However, all tetraploid regenerants 

were observed in supplementation of 1 mg/l BAP + 1 mg/l 

TDZ (M8 medium). In accordance our findings, only a 

single tetraploid plant was determined by high cytokine 

concentration in winter squash (LEE et al [2]). Tetraploidy 

frequency varied from 13.5% to 6.9% in Cucumis 

metuliferus (ADELBERG [24]), and polyploid (tetraploid 

and mixoploid) regenerants were determined in Cucumis 

melo L. inodorus (REN et al [25]). The majority of  

the regenerants were diploids (from 47% to 70%) and 

tetraploids (from 30% to 47%) in Arabidopsis thaliana 

(ORZECHOWSKA et al [26]).  
 

Conclusion 

Cotyledon explants of winter squash and pumpkin 

lines produced remarkable shoot regeneration when 

cultured on solid MS medium supplemented with 1 mg/l 

BAP + 0.5 mg/l TDZ and 1 mg/l BAP + 1 mg/l TDZ, 

compared to BAP and TDZ alone. Shoots were successfully 

elongated and rooted in MS medium with the addition of 

0.01 mg/l IAA. To establish more productive regeneration 

protocol for a large-scale in mentioned species, it is 

strongly suggested that the future shoot regeneration 

experiments should be based on the different concen-

trations of combinations of BAP + TDZ due to their 

synergistic effects. 
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